Introduction
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Drinking water and wastewater treatment facilities often have a chemical oxidation 53 step for disinfection, the removal of organic micropollutants, color removal and taste and 54 odor control. Among the most commonly used oxidants are chlorine dioxide (ClO 2 ), 55 chlorine (as hypochlorous acid, HOCl and OCl -), and ozone (O 3 ). 1 For a number of 4 reasons, the efficiency of the oxidation step and the quality of the treated water largely 57 depend on the reaction of the chemical oxidant with dissolved organic matter (DOM).
58
First, DOM is a major contributor to drinking water color, which negatively affects the 59 acceptance of the water among consumers. 2 Second, the reaction of DOM with the 60 chemical oxidants accelerates their consumption and, thus, may reduce the efficiency of 61 the oxidation step for disinfection and micropollutant oxidation. 3, 4 Third, the reaction of 62 the oxidants with DOM may result in the formation of potentially harmful 63 disinfection/oxidation by-products. [5] [6] [7] Fourth, chemical DOM oxidation results in the 64 generation of low molecular weight assimilable organic carbon (AOC) 8, 9 . Following the 65 oxidation step, the AOC needs to be removed by biological filtration to improve the 66 biological stability of drinking waters. 4, 10, 11 For these reasons, information on the DOM 67 concentration and its reactivity is indispensable to find the appropriate dose of an oxidant 68 to meet the various requirements on oxidative water treatment processes and to avoid 69 underperformance, higher costs, and undesired by-product formation during the oxidation 70 step.
71
As a consequence, there is considerable interest in simple and readily measurable 72 parameters that provide information on the concentration and reactivity of the DOM in 73 the water. 12, 13 Two commonly measured parameters are the dissolved organic carbon 74 (DOC) content, which captures the concentration of DOM, and the specific UV 75 absorbance of the water at the wavelength of 254 nm (SUVA 254 , expressed in L mgC -1 m -76 1 ), which is a proxy for DOM aromaticity. 14 Previous work showed that both the 77 consumption of chemical oxidants by DOM and the occurrence of some 78 disinfection/oxidation by-products are positively correlated to SUVA 254 . [15] [16] [17] [18] [19] These 79 5 correlations suggest activated aromatic moieties as major oxidizable functional groups in 80 DOM, consistent with the high reactivity of low-molecular weight activated aromatic 81 moieties, including phenols, methoxybenzenes and anilines, with ClO 2 , chlorine, and 82 O 3 . [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] However, despite the positive correlations with chemical oxidant consumption, 83 SUVA 254 alone was found to be a relatively poor predictor of DOM reactivity and 84 disinfection byproduct formation with chlorine. 14, 30 Other methods that have been used to 85 determine the concentration and reactivity of oxidizable moieties in DOM are difficult to 86 adapt for routine water analysis or provide only indirect information on the redox states 87 of DOM. [31] [32] [33] [34] [35] [36] [37] Therefore, an analytical method is desirable that allows for a direct 
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Chemicals. All chemicals were from commercial sources and used as received: 120 tert-butanol (t-BuOH) (≥99.7%), 2,2′-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) 121 diammonium salt (ABTS) (>99%), potassium peroxodisulfate (≥99%), sodium chlorite 122 (NaClO 2 ) (puriss. p.a. 80%), sodium chlorate (NaClO 3 ) (≥99%), ortho-phosphoric acid 123 (85%), sodium dihydrogen phosphate dihydrate (≥99%), disodium hydrogen phosphate 124 out in a series of identical glass reaction vessels (50 or 100 mL) (Schott, Germany). The 150 vessels contained either DOM solutions (nominal concentrations of 0.83 mmol C L -1 (=10 151 mg C L -1 ) after reagent mixing) or DOM-free blank solutions at pH 7 (50 mM phosphate 152 buffer). Oxidant stock solutions were added to the vessels under vigorous mixing on a 153 magnetic stirrer plate. The employed oxidant doses were in the ranges of 00.36 mmol 154 ClO 2 /mmol C, 00.85 mmol chlorine/mmol C, and 01.12 mmol O 3 /mmol C, which 155 cover the ranges commonly used for water treatment. 28, 47, 48 Ozonation experiments were 156 performed in the presence (5 mM) and absence of t-BuOH as a scavenger for formed 157 hydroxyl radicals (•OH). After oxidant addition, the vessels were closed, removed from 158 the stirrer and stored at 22°C for 12h for chlorine dioxide, 3d for chlorine, and 2h for 159 ozone. Subsequently, un-reacted ClO 2 and O 3 were removed from the solution by gently 160 purging with helium for 20 min. In selected experiments, residual chlorine (max. 0.5 μM) 161 was measured using the DPD colorimetric method. 42 The ozone exposure in the DOM-162 containing systems in the presence and absence of t-BuOH was measured according to 163 previously described methods. 49, 50 Control experiments in which t-BuOH was added to 164 the solutions after depletion of ozone showed that t-BuOH did not affect UV-visible 165 absorption and EDC measurements. (Figure S5, Table S2) ). The PLFA data did not show a linear 299 decrease in EDC with increasing specific molar oxidant dose and could therefore not be 300 fitted. 
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The chemical oxidants used were chlorine dioxide (ClO 2 ), chlorine (as HOCl), and ozone (O 3 ; in the absence and presence of tertiary 324 butanol (t-BuOH)). The chemical oxidant dose increased in the direction indicated by the grey arrows.
20
The effects on the optical and antioxidant properties of the HS shown in Figure 4 326 can be rationalized on the basis of known major reaction pathways of ClO 2 , HOCl, and 327 O 3 with light-absorbing and electron donating phenolic moieties in the HS (Figure 5) .
328
ClO 2 reacts as a one-electron transfer oxidant with low molecular weight phenols forming 329 chlorite and the corresponding phenoxyl radicals. 21 At circumneutral pH, this reaction 330 proceeds mostly via the phenolate species because of its oxidation rate constants with 331 ClO 2 that are about six orders of magnitude higher than those for the non-dissociated 332 phenol species. 26 Analogously to low molecular weight phenols, phenolic moieties in HS 333 are expected to undergo one electron oxidation by ClO 2 . We have previously shown that 334 HS contain electron donating phenolic and hydroquinone moieties with apparent 335 oxidation potentials 40,64 much lower than the standard reduction potential of ClO 2 , 336 E h 0 (ClO 2 (aq) /ClO 2 -)= 0.954 V. 65 SRHA and SRFA are derived from higher-plant 337 precursor materials, including lignin, which is rich in methoxylated phenols. 66 Generally, 338 methoxylation activates phenols for electrophilic attack and leads to faster oxidation 339 kinetics. 26 Phenoxyl radicals resulting from a first one electron oxidation 26, 67, 68 
